Objectives: Reliable and valid instruments are essential for understanding fatigue in occupational settings. This study analyzed the psychometric properties of the Portuguese version of the Swedish Occupational Fatigue Inventory (SOFI). Material and Methods: A cross-sectional study was conducted with 218 workers from an automotive industry involved in assembly tasks for fabrication of mechanical cables. Convergent and discriminant validity, internal consistency reliability and confirmatory factor analysis were performed. Results: Results showed adequate fit to data, yielding a 20-item, 5-factor structure (all intercorrelated): Chi 2 /df (ratio Chi 2 and degrees of freedom) = 2.530, confirmatory fit index (CFI) = 0.919, goodness of fit index (GFI) = 0.845, root mean square error of approximation (RMSEA) = 0.084. The SOFI presented an adequate internal consistency, with the sub-scales and total scale presenting good reliability values (Cronbach's α values from 0.742 to 0.903 and 0.943 respectively). Conclusions: Findings suggest that the Portuguese version of the SOFI may be a useful tool to assess fatigue and prevent work-related injuries. In future research, other instruments should be used as an external criterion to correlate with the SOFI dimensions. Int J Occup Med Environ Health 2017;30(3):407-417
INTRODUCTION
The term fatigue has been used consistently in the literature to describe a state of tiredness that is clinically significant and pathological in nature [1] . It is usually defined as a condition of feeling very tired, weary or sleepy resulting from insufficient sleep, prolonged mental or physical work, extended periods of stress or anxiety. However, a new whole definition of fatigue has been proposed by Phillips recently [2] , "Fatigue is a suboptimal psychophysiological condition caused by exertion. The degree and dimensional nature of the condition depends on the form, dynamics and context of exertion. The context of exertion is described by the value and meaning of performance to an individual; rest and sleep history; circadian effects; psychosocial factors spanning work and home life; individual traits; diet; health, fitness and other individual states; and environmental conditions. The fatigue results in changes in strategies or resource use such as original levels of mental processing or physical activity that are maintained or reduced." Fatigue is probably the most common symptom of illness affecting sufferers of both acute and chronic conditions [3] . It results from the interaction between mental and physical factors, which are very difficult to evaluate separately [4] , and it is usually associated with boring or repetitive work-related tasks. At the broadest level, occupational fatigue has been linked to an imbalance between the intensity and duration and timing of work with recovery time [5] . Indeed, acute fatigue may occur when there is inadequate time to rest and recover from a work period. It tends to disappear after taking some rest [6] . On the other hand, cumulative (chronic) fatigue occurs when there is insufficient recovery from acute fatigue over time [7] . Fatigued workers may find themselves working closer to their maximal capabilities, putting themselves at greater risk for the development of not only musculoskeletal injuries, but also psychosocial disorders [8] . Several studies have identified that fatigue is a contributing factor for O R I G I N A L P A P E R IJOMEH 2017;30(3) 409 translated and validated into the Spanish and Chinese languages [14, 26] , with good psychometric characteristics. In this work the final version of the original SOFI (5 dimensions; 20 items; 7-grade response scale) was studied.
Translation and cultural adaptation process
This process was carried out according to the guidelines of the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [31] , beginning with the permission to use the SOFI to the main author of the instrument. Two authors of this research, who are fluent in English, and an English translator, translated it from English into Portuguese. At this stage, the clarification of some expressions was discussed with the original instrument's author. After the forward translations had been analyzed, a single forward translation was achieved. Two professional English translators carried out the back translation. The back translation results were reviewed, and a harmonization of all new versions and source version was performed in order to detect and deal with any discrepancies that could have arisen between different language versions, ensuring conceptual equivalence [31, 32] . To assess the level of comprehensibility of the translation, a cognitive debriefing was made, involving a pretest with 22 participants. In addition, a multidisciplinary panel (3 experts in the field of psychology, ergonomics and occupational health research) was asked to proofread and provide the opinion on the face and content validity of the preliminary version. Although the draft was shown to be acceptable in the preliminary pilot survey, slight changes were made to the original expressions.
Data analysis
Descriptive techniques were used for analyzing and characterizing the subjects. The confirmatory factor analysis (CFA) of the Portuguese version to verify the 5-dimensional structure proposed by Åhsberg [30] was carried out. In this sense the following goodness of the SOFI as well as the consent form. Two hundred and eighteen workers delivered the SOFI fulfilled (the response rate of 75.17%). The company works 24 h a day and working hours are distributed over three shifts (the morning shift: 6 a.m. to 2 p.m.; afternoon shift: 2 p.m. to 10 p.m.; night shift: 10 p.m. to 6 a.m.). The dominant gender of the sample was female (92.7%). The average age was 36.20±9.37 years old (18 years old -the youngest and 61 years old -the oldest). The shift distribution was 56.8% (the afternoon shift), 23% (the morning shift) and 20.1% (the night shift). The company's management board approved this study, and all participants gave their written informed consent.
Instrument
The initial version of the SOFI consisted of 25 expressions which represented 5 dimensions/sub-scales: Lack of energy; Physical exertion; Physical discomfort; Lack of motivation and Sleepiness [25] . Each dimension was defined by the content of 5 expressions related to physiological, cognitive, motor and emotional responses [26] . An 11-grade response scale was used, where only the 2 extreme values had a verbal label, 0 "not at all" and 10 "to a very high degree" [25] . However, after testing the validity of all the dimensions of the SOFI [25, [27] [28] [29] [30] , the final version maintained the 5 dimensions but with 20 expressions (4 items per dimension), namely: Lack of energy (worn out, spent, drained, overworked), Physical exertion (palpitations, sweaty, out of breath, breathing heavily), Physical discomfort (tense muscles, numbness, stiff joints, aching), Lack of motivation (lack of concern, passive, indifferent, uninterested) and sleepiness (falling asleep, drowsy, yawning, sleepy). The internal consistency for each factor of this version varied between 0.81-0.92. During this process, the 11-grade response scale was replaced by a 7-grade response scale, where the extreme values were verbally labeled, 0 "not at all" and 6 "to a very high degree" [30] . The Swedish Occupational Fatigue Inventory was already IJOMEH 2017;30(3) 410 were estimated through Cronbach's Alpha (α). Alpha values of 0.70-0.95 were regarded as satisfactory [35] . The analysis was performed using the AMOS ® version 22.0 software integrated with IBM SPSS™ version 22.0 (SPSS Inc., USA), at a significance level of 5%.
RESULTS
In the first step, the nested model proposed by Åhs-berg [30] was tested. In general the results indicated a poor fit to the data. Root mean square error of approximation (RMSEA) was above 0.10, the CFI, GFI and TLI were lower than 0.90, which indicates an unacceptable adjustment to the model (Table 1 ).
In the second step, a model with the same 20 observed variables but evenly distributed on 5 latent variables (all assumed to be intercorrelated) was tested. The results shown in the Table 1 Table 1 [33] . To examine whether each dimension of the observed variables was strongly related to each other, the convergent validity was evaluated. The Average Variance Extracted (AVE) and the Composite Reliability (CR) were estimated [33, 34] . Values of the AVE > 0.50 and CR > 0.70 are indicative of convergent validity and adequate construct reliability [33] .
Whether the items that reflect a dimension are not correlated with another dimension, i.e., if the AVE for each dimension is greater than the average variation shared between each factor and other factors in the model is determined by the assessment of discriminant validity [33] . The discriminant validity was estimated according to the proposal submitted by Fornell and Larcker [34] who claimed that for 2 factors i and j, if the AVE i and AVE j > squared correlation between factors i and j (ρ ij 2 )), an evidence of discriminant validity existed. Factorial validity was assessed by the analysis of factorial weights of the items (λ). If all the items of a dimension have λ ≥ 0.5, it is assumed that the dimension has factorial validity; if λ 2 ≥ 0.25 is an indicator of an appropriate individual reliability of the item [33] . Internal consistency of each dimension and for total scale Cronbach's α for the total scale of the Portuguese version of the SOFI was also high (0.943). All of the correlations among the 5 factors were highly significant (0.38-0.88). In addition, the higher correlation was found between Lack of energy and Physical discomfort.
The reported fatigue during work is presented in the Table 2 by means of standard deviations and kurtosis indices of each item of the SOFI. Lack of energy was the sub-scale, the items of which had the highest scores followed by Physical discomfort, Physical exertion, Lack of motivation and Sleepiness. Correlations between factors are shown in the Figure 1 . The values were high and varied between 0.62-0.92. The Table 3 The Portuguese version of the SOFI demonstrated a good internal consistency. The reliability coefficient (Cronbach's α) was quite similar to those obtained in the Chinese version (with 25 items) [14] and higher than in the Spanish version (with 15 items) [26] . High Cronbach's α coefficients for the 5 sub-scales and the SOFI total scale indicate that the items of the Portuguese version of the SOFI are highly homogeneous for the sample under the study. The results regarding the CR suggest the same pattern.
The rigorous process of translation and cultural adaptation and the study of several psychometric properties have been the main strengths of this research. However, the main limitation of this study is related to sampling technique. Indeed, as subjects were recruited by convenience, generalizability of the results to other samples of workers has been limited. Furthermore, the fact that the sample is mainly comprised of women may have cause some bias.
CONCLUSIONS
In conclusion, results suggest that the Portuguese version of the SOFI is a psychometrically robust self-report measure of perceived fatigue in a sample of assembly workers. Consequently, the SOFI seems to be a valuable and userfriendly tool for ergonomists, occupational health practitioners and researchers to assess fatigue in industrial settings, allowing a greater involvement of workers in organizational decisions, namely related to individual job design, in order to improve workers' quality of life and health. However, as the study of the reliability and validity of an instrument is a continuous process of analysis, further research is needed considering that the psychometric evidence presented in this study does not guarantee total invariance inter-contexts. Since this paper may be seen as a preliminary research on psychometric properties of the Portuguese version of the SOFI, future longitudinal research is needed to examine the test-retest reliability of the Portuguese version and more studies about its validity should be developed, in particular, studies regarding
DISCUSSION
The main purpose of this study has been to examine the psychometric properties of a Portuguese version of the SOFI on a sample of assembly workers. Highly repetitive movements, standardized and short-cycle tasks with different levels of complexity, typically characterize assembly production systems. The Swedish Occupational Fatigue Inventory has been used for assessing perceived fatigue in repetitive work by other researchers [23, 36] . Physical and mental aspects of fatigue assessed by the SOFI are included in the recent "whole definition" of fatigue proposed by Phillips [2] . Overall, the results provide preliminary evidence that the adapted version of the SOFI is a useful and psychometrically sound instrument to assess fatigue among Portuguese workers. The strength of this structure certified the importance of the 5 dimensions in defining the construct fatigue.
The results of the confirmatory factorial analysis of the theoretical 5-factor model (the nested model) did not provide satisfactory fit indexes. According to this model, Lack of energy was defined as a general latent factor, which represented much of the common variance in all items. Interestingly, the results of the current study supported a 5 factor model, with 20 variables distributed on 5 latent factors, in contrast to previous studies [26, 37] . Accordingly, Byström et al. [37] found that the relationship between appraised psychological workload and musculoskeletal symptoms were not mediated by Lack of energy, suggesting that this factor was not sufficient to describe the role of fatigue in the development of musculoskeletal symptoms. All items had high loadings that suggested a stronger factor contribution to those variables. Data regarding factorial weights and the good fit of the model confirmed factorial validity of the instrument and justified the decision not to remove items of the scale. Additionally, it was found that all dimensions of the instrument had convergent and discriminant validity.
